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Introduction 



Th r ce h a n d re d m i 1 1 i o n \'ea rs ago, v\' h c n m uc h o t Euro pe- a n d 
North America basked iil a moist tropical climate^ forests of 
Fast-growinjj trees spread across vast areas of swampy 
lowlands. Giant ''scale-trees" bearing little, resembiance to 
*the trees of today stood with stately cordajtes, the forerun ners of 
rndderh-day cbnifers. After these trees dieS^the brackish water in 
which they grew protectQd'thern frorn decay. Tirhe ana the increased 
pressure of sedimen-t helped transform the. trees and surrounding 
vegetation into. scSlid' mas_SL\s . of carbon, vyhicH ncny cbrh^rise the 
extensive coal iields-of the British isfe, the U:S. Aopalachians, the 
Ruhr Basin of West Germany and Belgiurri, t^he Saar-Lb 
West Germany and Frnnce, and the Donets Basin of the Soviet 
Union.' - . ^' 

In an odd twist of fate, humanity's use of the. fossilize^ of 
these arboreal giants now threatens the heaith and productivity of 
their moclern-day descend_ants, Over the^ past decade, sciem 
amassed considerabie evidence that air pollutants from the combus- 
tion of fossil fuel_s, _bot_h oil and coaU and 

are undermining sensitive forests and soils. Damage to' tre''*= Frorn 

§aseous sulfur cfibxide^an^ ozone is well documented. Recently, acid 
eposition, more commonly called acid rain^ has emerged as a grp vy- 
ing threat to forests in sensitive regions. Acid depgsJtion refers to 
sulfur and nitrogen bxides that are chemically transformed in the> 
^ atrnbsphere and tall p earth as acids in rain, snow, or fog, or as dry 
acid-forming particles. Although acid deposition is npw^ known to 
have killed fisn and plants in hundreds of lakes in Scandinavia anjd 
eastern North America, its links to forest damage remain circUrristan- 
tial. Yet studies of sick and dyinj^ trees in Europe and North America 
make the connection impossible tb ignore. ' 

lt\mperate forests have long history -of stress and acidification, a 
history that offers a critical backdrop for considering new stresses 

i si n cere I V thdnk Dieicr I.:)L>umlin>5. Andrea Fella, Genrg Rr.iuse, RicHimi Rice. 
Sjeinlin.lohn Thorner. George ;R)mlinson, C,regi)r^^^ arid Helen Wtiitney for 

their helpful comments on vhtW dmfts of this manuscript. 



from air poULitioiv.ind acid rain. Since the end of the last contmcntal 
elaciatiori'-'l 0,000- 13,000 voars a^o, soils have slovvly formed jrorn the 
sterile lay&s )r gravel, sand^ and ^ilt left behind by the retreating ice. 
- Rohi^enfrg plants^ animals, and microorganisms aided this soil devel- 
5 opment, helping form an intricate cycle of nutrient uptake and rc- 
lease. Death and decomposition of these inhabitants, then a_s novv^ 
generated acids in the soil. Where acids developed faster than. other 
natural-processes could neutralize them, the soils gradually acidified, 
a procfes that continues today. 

Centunres of human use and abuse of forest ecosystems have added to 
this nhtrurai acidification. Many ternperatt?_lorests in Eu 
Npfttl^nierica are hcAV recovering from decades of in^tense burning, 
grazing, and timber cutting. The spruce-fir forests of New England 
and the Adirohdacks, for example,, had nearly all been clearcut for 
polp by tlie early l9Q0s. Logging was often tpllo^^^^ 
destroyed the forest floor. The soil formation processes taking place as 
these forests recover naturally increase the soil's acidity:- 

Air pollutants and acids ^^enerated by. indu'strial Activities are now 
entering forests at an unprecedented scale and rate, greatly adding to 
these stresses carried wer frorri the past. Many forests in Europe and 
North America now receive as much as 30 times mort^acidity than 
they would if rain arid sriow were fallihg tlirough a pristine iitmo- 
sphere. Ozon^ levels in many rural areas ol Eurgj3L\arid North Amer- 
ica are now regularly iri the range known to damage trees. Despite air 
quality improvements made during thcvAeveriXies, the a 
centratiori of sulfur dioxide rn many areas is high enough to diminish 
tree, growth. 

A comprehensive look at worldwide forest damage reveals multiple 
pollutants— including acid-forming sulfates and nitrates, gaseous sul: 
fur dioxide, ozone, and heavy riietals— that acting^ aloae or together 
place fores^ts under severe stress. Needles and leavee, yellow and drop 
prematurely from brariches, tree crowns progressively thin, and, 
Uilimately tr^es die: Even trees that show no visible sign of damage 
may be decliriirig iri growth /and productivity: Moreover, acid rain's^ 
tendency to leach nutrients from sensitivc\scMls may undermine the' 
health arid productivity of forests long into the future. Taken together, 
these direct and indirect effects threaten riot orily future wobd sup- 
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"'Waldsterben/ — ^literally 
forest death — is ribvy 
a household word in West GermanyV' 



piics: but the integrity ol whole ecosystems oh which society dc~ » 
pehds. - " 

North Arrierjaihs niust travel to isolated mountdin peaks in the east- - 
ern United States tb see the kind of rnassiye tree disease arid d/'atji '7 
n o w s pre a d i n g t h ro u g h o u t ce n t ra I E u rope ; The loss of Wcs t G c r- 
ma n y 's wood land s i s n o w a - pbtcn t ppli ti ca I ^ ri cf e rribtip ria I i ss U e 
amcmg that nation's citizenry: "vValdsterben" — hlcrnlly forest dx?cVth— 
is now a househt)Id word. X survey in the su^ Ui83 showed 

that West Germans were more, ^concerned about the fate of their 
forests than abouLUie J\^rshirig mi^ to be platx^d on their land 
later that^year. VEnvironmental scientists in Poland and :CzechosIo- 
vakia yv^arri that forests mayibecom wastelands if plans for increased 
burning of their high-suifur coal go unchecked. 

Although scientists cannot yet fullv explain how this forest destruc- 
tion is bccurririg, air pollutants ana acid rain are: apparently stressing 
sensitive forests beyond their ability to cope. Weakened by pir pollur 
tarits, acidic arid impoverished soil's, or toxic rinetals, trees lose their 
resistance to natural events such as droughty insectiattacks, a 
Iri some cases the pollutants alone cause injury or growth declines, , 
The^ mechanisms are cprnplex arid may take Secades of additioriit! 
research to fully understand: But this growing body of circumstantial 
evidence is one more telling sigri that f^^^ 

ecological limits, and that society will pay a price for overstepping 
them. ft. 



Signs of Destruction Unfold ' 

Iri just a few years, fcirest damage has spread with frightenirig 
rapidity through portions oi central Europe: Trees covering between 
3.5 arid 4 rriilliori hectares — an area rdUghly half the size of Austria—^ ' 
now show signs of injury" linked to air pbllutarits. (1 hectare = 2.47 
acres.) No nation has better documented the destruction-occurring 
witiiin its borders than West Germany, wiieR' forests coyer 7,4 rnijl ion - 
hectares — roughly a third' of the nation's land area: followinc an 
tjx t e n s i ve s u r vey i n 1 982 , the Fede ra I Minis t e r of Fo od , A gri c u It u re 
arid Forestry estimated forest damage at 562,0GG hectares — 8 percent 



Table 1: Changes in Forest Damage in ^Vest Germany, 1982 to 1983 
Species Area Showing Damage ' PortioH of Forest Affected 



1982. 1983 ^1982 1983 
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90 ■ 
50 
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134 
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41 
76 
43 
26 
15 
17 


Total 


.562' 


2,545 


8 


34 



Source^ Dor Hundesministor Rir Brnahrune, Und wirtsdi.itt iind I-orstcn, "Nou.irt ;ie ^. 
VVald^chjdc'n in drr lUindosrcnubhk Deutschiand/" Bonn, October 1983. 
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of VVe?l Gerrriany's forests. Just a yeiin later, in the fall of' 1983, a 
second survey found damage on over 2.5_miJliori hectares, 34 percent 
of t^he nation's forests. (See table 1:) Some, of this increase resulted 
from a more thorough investig_ation the second year, but nonetheless, 
the damage has spread markedly: Visible' injury typically takes the 
form of yeTlovving and _earlyje_ss_of heedles, defomted shoots, deterio- 
rating roots, a progressive thinning o/tree crowns, and, in its_severest 
stages, tree death. The symptorns appea trees of various ages and 
iri forests of both single and mixed species. ' , 

In 'the heavily wooded West German states, of Bavaria arid Baden 
Wurttemberg, home oi the famed Black Forest, trees covering nearly 
half the forested area are damaged. Nationwide, three-qua 
fir trees are_affec^ed. up from 60 percent a year ago. Damage ^o 
spruce, the most important species forjhe forest products industry, 
has_hM_ri from 9 pprcent to 41 percent^ and a similar increase is 
evidcnrwith pine. These three conifer sf . Jes, ^vhirh tog 'ther com- 
pose two-thirds of West Germany's forests, are the most .severely 
struck "But damage has also beeri fburid among hardwuod species 
such as beech and rr^k: Since most trees rn the advanced stages of 



decfinc are removed From the forest, more have been aitected than 
even these alarrriing survey results indicate. Dr. Georg Krause of the 
hand Institute for Poilution Control in Hssen recently stated that 
''hardly ah'yone in. Germany denies the great danger to forest eco- 
s^tems. - ' 

In neijjhboring, CzechoslovaPvia, to covers an estimated 

-half million hectares: Trees on some. 200^0(30 hectares are believed to 
be severely damaged, and those oh 40,000 hectares in the Erz Moun- 
tains reportedly have died. Dead and dying trees are plainly visible 
northeast of PragUe in the Krdkonose National Park, which has 34,000 
hectares of forest, mostly populated with spruce. Not only are the 
spruce dying, they reportedly stopped regenecnting in tne park's 
mineral soils several yefirs ago/ Further north in_ Poland^ another half 
million hectares of forest are affected- Forest researchers in Katowice, 
near Krakow, say that fir trees are dead or dyjng oh, nt\irly_ 180,000 
hectares ahd tnat spruce trees in areas around RyBnik and 
CzestQchovva, also in. the industrialized, sj^iJiherh reeidh, are corn: 
pleteiy gone.'Environmentai^^cientists warn that by 1990 as.many as 3 
million hectares of forest.may be lost if Pplahd proceeds with its 
present industrialization plans calling for increased burning of the 
• nation's high-sulfur brovvh coals/ 

Accounts of forest da <^tl^^/ E^rdpeah countrie 

docarrierfTed, but coliectively they add to evidence of unprecedented 
forest devastatibh. Acute djimage to pine trees was found in areas oi 
the Netherlands in the spring of 1983, and pine and' fir over a wide 
area in the easterh part of the coufitry are now losing- needles pve- 
maturely. Pine damage has also appeared in Frahce and Italy, Some 12 
perct?ht of East Gerrhahy's forests are believed to be affected, and 
specialists in Romania have noted that 56,PD0.hecta_res_of_thaJ_nm^ 
6.3 rhillidn hectares of forests are damaged from industrial emissions. 
In parts of Switzerland, 25 perceht.pf the fir tr^^^^ 
the spruce reportedlj^ have died within the past year, and many more 
trees show signs of injuryv yaribus accounts also clairh that trees are 
suffering from air polintion in the United Kingdom, Austria, and 
Yugoslavia/ 

• 

lii thevlate autumn of _1983, carl^ sighs of tree ihjury began to ertierje 
in northern Europe: Sweden, whose dying lakes first brought inter- 



hatiohal attention to dcid rnin, now appears to have torest damage as 
well. Symptoms .simiU'^r. to thosL\ of the t-it-'A^linihg I'^^re^ 
Europe have been reported by public and privatj^ Foresters primaiily 
in the .southern and western portions of tht aiuriltry. Spruce and pine 
i h show the most injury: Although official estimates of damage are not 
vet available, eailv reports suggest that 10 percent of the timber stock 
ih certain regions may be aftected.. In southern Norwav, sp^fucc re- 
portedly are also shovvihg injury." A rare ehvironmcntal ri?port from 
the Soviet Union's Communist Party paper- Pmz't/f? rt?cently revealed 
that vast areas of forest are dying trom air pollution near the auto- 
m(^>Kilc-manufactunng citv of Togliatti, about 1,300 kilometers east of 
tvloscow. According to the report, nearby forests along the Volga 
River may soon resemble a wasteland."^ 

UncTble to attribute this massive destruction tp h.atural ovehts alone, . 
scientists have tUrried their attention to air pollutants — an externa! 
Stress ihat has increased greatly in recerit decades. Sulfur di^^^^^ and 
the ^icids into which it transforms have led the list of pollutcint__sus- 
" pects: Scientists surveying West Ccrniany's few 
vya§ crreater on vv'est-facing mountain slopes exposed to more rain and 
foe and thus probably to more acid deposition. The needies of ailing 
conifers ih portions of Bavaria near the Czechoslovakian border con- 
tained m.ore sulfur than those of healthy trees: Yet injured trees 
elsewhere have notsFiown this effect. Moreover, forests ar<? suffering 
on both acidic and alkaline soils, and in ^ireas where atmospheric 
concentrations of sulfur dioxide are lc)w. Consequently, attention^ is 
increasingly bemg focused dh the combined i^iiacts ot gaseous sulfur 
and nitrogen oxides, heavy metals, and ozone. The debate is broad- 
ening with the apparent realization that different nollutants and 
mechanisms may be key factors in the damage on ciiffercht sites:" 

Although forest destruction of .the magnitude occurring in central 
Eurdpejs hot visible in iNlorth AmeHcn, trees are suffering from air 
pollutants there as vyell. In the United States, forest dan^ulge is most 
evident in the Appalachian mountain ranges of the east and in the 
Sierra Nevada of Ca lifornia. Field _and la^^^ have docu- 

' minted hot only tree disease and death, but sustained declines in 
growth as welL From the_Appalachians of Vircihia and West Virginia, 
northward into the Green Mountains and White Mountains pf_ New 
England, red spruce is undergoing a serious dieback, a progressive 

li 



"1 brosts .ire suffering oil 
.iciJic.and ^ikalino soils, and in areasv 
V V li 0 re a t rti o s n h e ri c i o n co n I ral ions 
- cjf siilfur iioxido arc low." 



tliinnlnt; trom the outer troo cniu n in\\\ird. nanijge is niost sevLMt\ih 
the hij;h elevcUioh rorests of Neu' York,. Vorinont, and. Now 
1 iampshire, on peaks t'orested mainly with red sprlIeL^ L\aLsam tir, and 
u'hite hireh. Because of high precipitation rates nnd the ability of 
conifers to intercept cloud' moisture, .tl1os^^^ hi^L^li nitumtaih ^ fores J-J- 
genertiHs' receivxv3-4 times more acid deposition than those al lower 
e 1 e va t i t ) n s . I n a d d i t i u n , t lie s t ) i I s o f t lie s e ] o re s t s h a ve s ii c n v n a nn a r k e d 
increcise in lead concentration o\'cr tlie past/twti decades, believed to 
come almost entirely from the atmosphere.' 

De t a i led lI o c u rxi ti n t a t i o n o f re li s p r u ce d e c 1 i no h a s com e f r o m rc s ea r c h 
on Camels Hump in the Crjeen Mountains of Vermont: There, with 
the benefit of two detailed tree invenidries spanning the period 
1963-79, researchers have found that seedline production, tree den- 
si t y, a n d b a s a 1 a r ea h a v e d ec 1 i n e d by a bd u t h all". In 1 9 79 , o v e r h a lit h e 
spWicc-'on Camels Hump werc^ •dec^d. A I9S2 sur\'ey of spruce 
tnroughou t the App?a has led researchers to ctiiiclude that 

spruce are declining over a wide area in a variety of torestSySo tar, no 
such decline is eviaeiit in commercially valuable sjjruce stxinds found 
at lower elevations in northern New England and Canada. Yet in light ; : 
of the large wood volume declines on Came Is Hump since 1965, 
botanist ifubert Vogelmann of the University of Vermont vvarns that 
"if such losses in ohlv i^ fevv years are representative of a general 
decline in forest productivity, the economic consequences fur the 
lumber industry vvill be staggering:"" 

As in central Europe, .i^id deposition has been linked to this dieback 
of spruce, aithougn the evidence so far remains circumstantial. Stud- 
ies bri three varieties of pirie iri tht? Nevv Jersey Pi lie Bar re n.s provide 
t h e m o s t c o n V i n ci n g e V i J e n ce t o d a t e f o t aci d d e po s i t i o n s r o 1 e, A na 1 v - 
sis of tree rings shovvs that Ulese pines have undergone a dramatic 
reduction in <innual growth cfver the past 25 vcvars, a pattern of decline 
not evident elsewhere in the 125~vear tree ring record: Grov\:h rates 
corresponded closely to fhe acic3ity .nic?cisured in nearby 
which in-turn is a j^obd index of the acidity of rain. With other factors 
such as drought, fire, insect pests, aiid o/.on 

sibie, acid rain emerged as a likely c^iuse. The researchers ctmcludc 
that'np cither events in the tre^vs' gVovvth histbrv an- "as widespread, 
long-lnsting; and severe in their effects,"" 
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Althuugh-cicid deposition's link to tree injury is stili dobatod, scientists 
have tirralv dociim^ented tree djsLMse arit^dt-^^th frc^^^^ ^^^^^^'^t' ^'^'^^^/^^A^^^'^ 
poUiitants in the family of "photochemical oxidants/' Ozone forms 
trom nitrogerr <,^xides rl^ictirig with hyd (pr^^\^^.^^^'^^ "''^'^^^^^ 

12 nutomobile engincs) in the presence of sunlight. Its formation and 
concentration isim^^ 8^'l\S^"'^P^^y: 
/\ higfilv concentrated mass" of pollutants mixing under sunny^condi- 
tiohs is a ripe setting for ozone's creation. 

Ozone has killed thousands of pine trees in the San Bernardino 
Mountains east o/ Los Angeles, C/?lifornia, a city how infarncius for its 
vellbvv-browri photochernical sTp{)g: Tree injury was evident by mid- 
century as air pollutants frofrnhe growing_urbc^^^ 
east by marine winds. ©vt»/ the past three decades, as pollution has 
woisened, losses of the stately pondt^rosa arid _L^^^^^ Pi^es have 
increased dramatirally.- Researchers discovered that 4-6 percent of 
these trees in higher elevahons djed over a six-year period. Losses 
have been greater in the western, part of the mountain range,' which 
receives higher po_l[utarit doses.^^ M P^^^' 
d e ros a p i n e ci) res 's ho w. t b a t aji n ti a 1 rad i a 1 g row t n d eel i n ed 38 pexc^ n t 
over the period I94I-I971 tt)mparcd vvith r9IO-l940, a decline^ at- 
tributed to the rise in air pollutants. In areas receiving the highest 
ozone doseti, the marketable vollime of 3CL-year-u]d pines declined by* 
83 percent. Researchers conclude"in th^Mr study tliat_'_'this red_uctiori m_ r 
gmwth, along with air pollutant raused tree mortaiity^-corhbinc to^^ 
limit production of timber in the San Bernardino MoUntairis:"^ 

Similar damage appears to>be occurring in the Apj^ilachiaris. Est^ 
mates now are that 4-5 percent oi- the-eastern white pmes are dying in ■ 
the southern Appalachian and BJutv Ridge MoU h^^^th iritq 

Pennsylvania and Ohio: Ozone again is the leading cduse, although, 
both here and in the San _Berria^^^^ 

Insects attacking trees that are weakened by air pollutants. Along with 
tree mortality^ stijdies of Appalachian pines have also shown sUDStan- , 
tial growth declines;'" 

Yellowing and early, joss of laeedles, dieha(3s;^of tree crowns, and 
ultimately, tree death are obvious signs that forests are suffering. 
Measurements of tree rings on weakened trees have shown in many 
cases that these visible symptoms are accbmpariied by substantial arid 
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"Air pollutants ma^ be 
of large areas of temperate forests.-' 



j;ustnined declines in g-rowtii: But the most disturbing of air pollu- 
t i on 's e Hec ts on to res t s is that g r o vv t h a h d p rod ti c t i .v; i t y ca n be dec lin- 
ing; in trees that sliovv no visible symploms at all. Flaying documented 
t b > s ^" h Ld d e i hj u r Y " f o r w h i t e pi ne g row i h g i h t h c A ppii 1'^ c h i a n s , 
researchers at the-^Virpinia Polytechnic Institute and State University 
conclude that it is "highly probabli> that growth loss in forests sub- 
jected to low-level and long-term exposures to air pollutants may be 
occurring unnoticed and/or Unevaluated."'^ 

Tree disease arid death have unfolded in central Europe and limited^^ 
areas of the United States at ah alarmin^pac^N and as yet^^^^ 
sighs of abating. ^I'he ultimate severity and/extent of this damage is a 
looming question. As- forests not yet showing injury remaiii exposed 
to acid deposition and hjgh pollutant concentrations for longer peri- 
ods of time, the damage may vyell spread^ More^^ 
clines are occurring unnoticed, air poilutaatei may be quietly under- 
rriining the productivity of large areas of terhperate forests. 



Tracing the Pathways of PoHulion 

Although a variety of pollutants are implicated in the forest damage 
^ arid growth decliries how occurring, most trace back to sulfur and 
' nitrogen oxides emitted during tlie burning of fossil fiJcls and tJie 
smeltinj^ of metallic ores. Coal and oil contain sulfur and nitrogen that 
are released into the atmosphere as gascHius oxides diJjirig com 
tidn. The quantity of poJlutants emitted depends on the .sulfur and 
nitrogen content of the fuel and, for nitrogen oxides, w 
perature and efficiency of combustion; The sulfur content of coal,_for 
example, varies from less than 1 pcrcenjjo '^^^ as (S percerit. As a 

result, burning a metric ton* ot coal may release 3-60 Kilograms of 
sulfur Smeltiri|^ a process of s^^ a ^JP^ W^^. ^^^^^ 

releases large amounts of sulfur dioxide into the atmosphere vyhen 
the ore contains sijlfur. Cdmmdri metals such as copper, nickel, lead, 
and zmc are smelted largely from sulfur-bearing rocks.'" 

Over the oast century, fossil-fuel and smielting emissiopsjiave altered 
the chemistry of the atmosphere at an unprecedented pace. Today the 

* Ali subsequent rrfcropi'rs li» tuns imply metric l(»ns. 





atriiosphore roceivos about as much sulfur from human activities as it 
^ ^oes naturaiiv from oceans, swamps, and volcanoes— on the order ot 
75-IUO miliioH tons per year: Yet most of the t^missions from human 
activities occur on just S percent of the earth's sUftace, prirnarily the 
industrial regions of Europe, eastern North America, and East Asia, 
in these areas, energy combustion and shU^itihg add 5-2^ 
sulfur to the atmosphere tiian comes from nature. One' smt?iteA for 
exampie, the International Nickel Company near Sudbury, Ontario, 
"ahhuaiiy emits more tlian twice as much sultur as .Mt._ St^ Helens 
discharged during its recent most active year ot volcanic eruptions. 
Emissicins of nitrogen compounds ace harder tg estimate, but those 
from human sources also far exceed those from natural sources in 
manv industrial areas. In the United States,, human sources are 
thought to account for 75-90 percent of nitrogen oxides in the air. " 

Fossil-fueled power plants, industrial boilers, and nonferrous 
smelters lead the list ot sulfur dioxide eniitters. The relative Contri^ 
tion otl these sources to total emi^ssions can vary substantially in 
different countries. (See Table 2.) ElecLric utilities account tor t\vo- 
thirds of sulfur dioxide (SO:) emissions in the United States,_for 
example, and m West Germanv, they account tor over halt: 1" ^^"Ji- 
trast, Canada's ell^ctric utilities contribute only 16 percent of SO. 
emissions, while about a dcizen smelters emit nearly, half:^ Motor 
vehicles add little to sulfur emissions, but their internal combustion 
engines are the bigg_est source of hitrogeu- oxides {NO0_ in most 
industrial countries: In the United States, Canada, and West Ger- 
many, motor vehicles account for roughly half of^total NO, emissions, 
while utilities generate a third or less, and industries about i hith. 
(See Table 3.) 

Pollution fromiossij-fLlel combustion dates back well over a centuryJo 
the Tndustrial Revolution. Coal used to heat homes and fuel tactones 
generated a pall of smoke and haze that hUhg pei-sistently over many 
citie^^ in Europe and the United States. As the number of ta_ctqri_es_and 
homes grew, the problem worsened and many cities began to control 
urban smoke. But emissions of sulfur and nitrogen oxides, along with 
other combustion pollutants, cbhtihUed to ris^: Sulfur dioxide emis- 
sions began to increase rapidly in Eumpe after _195G __when many 
countries turned to higivsuIfUr oil. By 197i} annual SO. emissions had 
climbed to 50 million tons, two-and-a-half times mid-cehtury levels. 

is 



"FosMl-fueled power plants, 
industrial boilers, and nonferrous sriielters 
lead the list of sulfur dioxide emitters/' 



Table 2: Sulfur Dioxide Emissions iri Selected Countries 





United 


Canada 


West 
Germany 










Quantity o\ Emissions* 




{tiiilluMi nu'trit^i*>ns. vi'ar) - — 




24.1 


4.77 


; 3.54 


Sources of Emissions 








^ Electric Utilities 


66 


16 


56 


Industries i 


22 


32 


28 


Smelters 


^6 


43 




Homes, Businesses 


3 


-4 


13 


'Irarisporiatioh 


3 


3 


3 


TcHal 


100 


iOO 





* .\9Hi) fi^Urt's tor UhitOei St^iTOs Shd driSdii; \97H tor West CIorni*iny. 

Sources: U.S. tind Cinadti dMi\ trom UnitWi S/i//t'S-Cr;;/iir/ii Afrfwon/^/^///;;/ <»/ Inlciit on 
'/njf/.s/fo/nh/wn/ Air Vol] lit ion: }',\i'iiitiiv Siitiiiniirk^^ \OHci\vi\, Ci\iV^Vd<v. t-iiviroh- 
ment Ctinculci, 1^)83); VVe>;i Cferriariy dato trom !-C(.k*Kvl Miiiistvr otllu* Interior, 
"The FoLlcra! CovL'rnmurti's Kopiv to the IntorpclKitioh oUllu? Deputies: Air- 
Pollution, Acid Rt?'n and JJtwith ot'Horests" Uoriii, August 23, trail slat ion 
trorn the Cerriiaii by U.S. Cori^ressiohai KesearcH Servielv 



Similarly, SO: ^*missions }>om both the Um Cnhndd rose 

by 40 percent between the early fifties and mid-sixties.'" 

kiUer polJution episodes in Donorn^ Pennsylvania in 1948, London in 
'195_2, and JsJew Vork Cit^ in the early sixties drove homL\thetazn 
of polluted city air. Spurred by these threats to human healthy as well 
as by a rising tide of environmental awareness, JTiany countries en- 
acted pollution control laws targeting mainly sulfur dioxide and paj- 
ticijlate cbricentralioris in the air. Early reductions^ in SO: emissions 
came primarily by switches from high-sulfur, tjo Uwer-sulfu^^ 
fuels. In the seventies, some countries began reciniring new plants to 
include equjpment for removing sijlfur^dLq^^^ 

erriis^ns. As a result, sulfur dioxide emissions in North America 
p^^aked in the mid-sixties, and__sirice then have fallen by 14 percent in 
the United States to about 24 million tons per year. In Canada, sulfur 




Table 3: Nitrogen Oxide Emissions in Selected Countries 

Uniteii West 
States_ Canada Germany 



QuantitV of Emissions* (millmn mL-trii- tons/yiMr) 

19:3 . t;83 3.0 

Sources of Emissions {porcom) 

44 61 45 



Trarispontation 
Hectric UtiliKe; 
idUstries 
om^s, Busirie 
nnelters, Misc: 

Total 100 w 100 100 



Electric Utilises 29 13 31 

Industries 22 20 19 

Hom^s, Businesses ,4 3 3 

Smelters, Misc: - 1 1 



* 1980 figures for United States and Canada; !978 lor West Certriahy: 
Sources: See table 2. 



diDxid_e emissioris have dropped back to mid-fifties levels^ of at)put_4,8 
million tons per year. Emission levels have also stabilized or declined 
slightly ia Europe, thouj^h trends vary from country to country.- 

Goverrirhent policies have paid far Jess attention, to riilrbgeri oxides. 
This gas was not considered as great a health' hazard, and since it was 
odorless it caused much less of a nuisance than sulfur with its rotten 
ece smelK Uncontrolled emissions from power.plants and especiaHy 
the burgeoning use of automobiles in the last_three decades set NO, 
on a rapidly risin^path. Nitrogen oxide emissions ire ^harder to 
estimate than sulfur dioxide since they are determined by iactors 
other thari jUst the nitrogen content of the fuel. But they ajsp are 
thoaeht to have risen dramatically over the last several decades, 
possifely doubling in Europe between the late fifties and_early_sev€n- 
ties In West Germany, for example, NO, emissions rose by 56-peTcent 
between 1966 and 1978. North America shows similar trends: birice 
the fifties nitrogen oxide erriissibris^^have roughly doubled in the 
United States and tripled in Ganada." 



"Recetd publicity focused 
on acid rain ri as tended to ignore 
its common qrieins and ictleraclive effects 
with other darhagirig pollutants." 



Trees surrbunding heavy industrial polUi^rs, such. as. Canada's 
smelters, have sufter^'d from polliJlioh tor some tirne.^But the'ex 
sive forest declines now- unfolding are often far from major industrial 
and firban centers. One consequence of the driv to punfy urban ai^^r 
over the last couple dtodes has been construction of tall smokestacksV 
to better disperse pbllijtahts into the atrhosphere. These smokestacks, \ 
along with nigh levels of emissions, sent, pollutants traveling hun- 
dredii of kilorheters b"?fore returning to the earth's land and waters. 
The Jnternntional Nickel Company's 380-meter ''^uperstack," for exr 
arhple, replaced three shorter stacks In 1972. - Measurements, have 
since shown that virtually all of the sulfur and 40 percent of the heavy 
rhetals erhitted travel more than 60 kilometers from the smelter."' 



Unlike industrial emissiphs of carbbh djoxide, whic^^^ 

the atmosphere, virtually all of the sulfur and nitrogen oxides that go 

up eventuallv corne d^^^ in orie form pr a 

tiallv unchanged as gases. Some are deposited in dry forrrvon surfac^ 
such ag leave's^ a rid rieedles, where reactions with moisture can foirn 
acids. The longer the oxides remain in the atmosphere, the^rhpre 
Mikely they are to undergo oxidation to nitric and sulfuric acid^ the 
primary acids in acid rain. Under certain conditions^ sprne of the 
riitrogeri oxides will react With hydrocarbons taform ozone: Further 
complicating tht^ matter, ozone can in turn_spt?t^i up tjie tran^fbr^^^^ 
tiori of sulfur and nitrogen oxides to sulfates and nitrates, the com- 
pounds in acid rcfin.'^ 

In-light of these interactibris, trying to single cut one pollutant as the 
^ cause for forest damage would' be difficult: Trees in a given location 
^ can be affected sirriultarieoUsly by^several pollutants in a variety of- 
ways^ Moreover, each pollutant may affect the fprrnatipn arid f 
others. If ozone helps form acid rain, trees dying primarily from acid 
rain are dying indirectly and_in part_from pzbrie^tecerit publicity 
focused on acid rain has trended to ignore its common origins and 
interactive effects with, these other darriagin^^ 

acid rain from the complete pollution picture in this way may lead to 
ineffective strategies to cbritrbl it, arid rribre importantly may prevent 
other damaging pollutants, such as ozone, from setting the attc?ntion 
they deserve. Nonetheless, acid depbsitibh is or special concern be- 




cause of its pervasiveness Jts insidious ways of inflicting damage, and 
it; potential long-term consequences. ^ ^ 

, o Althhueh acid nri? was recoi^nized over a cen.ury agq^ ohly.in tile ast 
Lo three decades has the phenomenon beOTme widespread. In broad 
areas of eastern North America and northern and central Europe, the 
annual pH of rain arid snow now averages between 4 and4.5..The pH 
scale, commcmly used to express acidity, ranges from 0 tcrl4, with 
anything less than 7 considfered acidic. The scale is loi^arithmic;, a 
decrease of one unit means a lU-fold incrt?ase in acidity. (Vmegar, with 
a dH of about 3, for example, is 106,600 times more acidic than baking 
soda with a pH of 8.) Rain falling in preindustrial times is tbought to 
have' been in the raageof 3:6, .slightly acidic from interactions with 
natural carbon dioxide in the atmosphere. Precipitation in many in- 
dustrial regions is now 10-36 times more acidic than would be ex- 
pected in an atmosphere free of hurhanity's pollntion:^' 

\ 

The precise mechanisrri by which acid deposition may damagmi^ 
forests is not known. Sulfates and nitrates raining down as acids have 
drastically different effects on different fOrest stafids, _an_d_ even on 
different tree species in the sarne forest stand. Incoming acids aftect 
interactions between the soil and living biomass of an ecosystem in 
complex and varying ways. Soil structure and compoMtion, vegeta- 
tion type climate, and efevation are only some of the n..tural deterj 
rtnnine variables. Tet research over the last decade has uncovered 
some comjnon effects of acidity that point to several pathways by 
which acid deposition can threaten forests: 

Trees derive their nutrition primarilv from elernents such as calciijr^^^^ , 
magnesium, and potassium that are weathered from minerals in^the 
soil Acid deposition adds hyd'rogen ions to the soiL, which displace 
thesp important nutrients frorh their sites bound to soil particles. 5ojl5 
with a pH of 5 or more are seldom in danger since they have plentiful , 
calciuni carbonate (the cohstituents^of lime) or silicates (which have 
abundant calcium, potassium, and/or_ ma:gnesium) that effectively 
neutralize the acid ions. Yet soils at lower pH levels Kave fevyer of 
these buffering agents. Competition tjorh incdmine acids causes the 
leachinc of calcium and magnesium from the soil. Lame areas of the 
southeastern United States, the Appalachian, Adirondackr and New 
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"Precipitation in jnany industriai regions 
is_ now 10-30 tiines more aci^^^^^ 
would be expected in an atmosphere 
free'df humanity's pdllutibri," 



.England mountnin ranges, the Canadian shieUi of eastern Canada, 
and extensive arcas jn* St\indinayia,^^f ^'^^>;''>P^*^'' 
siightlv acidic, poorly btiffsj;^ soils that are especially susceptible to 
this'^effect- Althouc^lT soilTlrnhges generally take place over a long 
period of time, soif studies in Sweden suggest that sub.^:£antiai_ leach- 
ing of nutrients from sensitive soils can occur in just a ciecadc-:-'' 

Sulfates and nitrates, the other key ciuistituents'-^of acid deposition 
along with hvdrogen ions, can initially; have a ferti^^^^^^^^ 
many soils arid for a time may actually'boost tree growth: Forests in 
Scandinavia and portions of West Germclnv seeni to havc^ sj">A^wh this 
effect- Yet this enhanced growth is short-lived, for eventually these 
"fertilizeP' supplies will exceed the forests^ capa^^^ t^'*^'"^- 
Sulfate saturation usL\ally precedes nitrate saturation, but excess quan- 
tities of either or both simply pciss throu 

hUtriehts with them. With forest productivity closely tied to nutrient 
availability, this leaching of soi|s bv hydrogeh, sulfate, or nitrate ions 
eventually reduces forest growth.-' - ..." 

Research also has .shown that he.)vy metals — either nuibilized in the 
soil or introduced frorri the atmosphere — may- be involved in the 
forest damage now occurring; Dr. Bernhard Olrich^ a soil scientist 
whci has^studied darria'ged beech and; spruce forests in the Soiling 
i^lnteau of West Germany for nearly two decades, Ms hypothesized 
that as soils beccune increasingly acidic, aluminum, which is normally 
harmlessiv bound in soil minerals, beconiesL soluble a The 
free alUh1ihuhl attacks the tree's root sysleni^ making the tree less able 
to take up moisture and nutrients arid to protect itself from insect 
attacks and droughts; -^ 

Trace amounts^ of hcavv metals can also enter the forest from the 
atmosphere. Cbnibustioh c^f fossil fuels, smelting, the burning of 
leaded gasoline, and refuse incineration are major sou rctvs ot trace 
jnetals in the ^iir Field and laboratory research at the. University of 
Vermont- suggest that heavy metals\ind ^icid depbsiti^^^^^^ 
ergisticajly on forest systems, stunting the growth not only of trees, 
but of niosses, aleae,' nitrogen-fixine bacteria, and fungi that are 
t?ssehtial to a forest s health. Between 1965 and 1980, metal cc^ncentra- 
tions have markedly increased in the soils ori Cahiels Hump, a site of 
massive spruce dieback in Vermont's Green Mountains. Lead con- 
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cenlration doubled, while that ot copper rose b^ SO percent and zinc 
' by 7Q percent. These metals enter the forest with the rain and foe, 

which in the Vermont rnountain peaks, have .a^^^^^ 

times greater than "pure" rriin.-* Researchers at the Oak Rid^e Na- 

20 tional Laboratory in Tennessee have analyzed tre^^ and found 

higher metal concentrations in recently-formed wood. Cores taken 

from southern Appalachi_an_trL\es_show^^ 

per, chromium, and aiuminam generally high enough to'^be toxic."" 

Of all the pathways by which air pollutants xran affect forests, chan'g^^^ 
in the sbn^wheth^r^by nutrient leaching, accumalation of heavy 
metals, or mobilization of toxic alurninurn— are the most forebbdirig. 
In^^erisitiye ecosystems these changes may be Irreversible, thus harm- 
ing not only mature trees now standing, buj the seeds arid se^ 
that will become the forests o^the next_ generation. The beech trees 
studied by Dr. Ulrich in West Gerrn_any_haye great difficulty rej;enef- 
atiri5,"apj5arently because of acidity in the uppex soil layers. The 
num^ber of spruce and rnaple seedlings pri Carriels Hump In - 
has"Tl<glinecf by abouthaU.over the last two decades, and the number 
of spruce seecnmgs in Jhe hicher el^^^^^ of New York's Whiteface 
Mountain has dropped by 80 percent." 

Sulfur arid riitVogen oxide gases can also enter trees directly through 
their leaves or needles, rriuch as carbbri dibxide is taken in for phot o- 
syrithesis. These pollutants can alter the trees' metabolism and ability 
to produce food, and thUs its prbductivity and growth. Forestry 
experts at the 1982 Stockholm Conference on_ AcrdificatiQ^ of the 
Environment reported that tree growth can apparently decline when 
average yearly sulfur dioxide concentrations run a^^ low as 
crb^rarris per ctibic meter, levels that prevail over Large portions of 
Europe. For comparison, the" natibnal_ annual arribierit air quality 
staricfard fbir sulfuf dioxide in the -United States is 80 micrograms per 
cubic meter, and the European Ecoribiriic CbmmUriity standard- is 
80-120. Thus, air quality levels established to protect human health 
appear tob lenient to prbtect the health bf fbrests. 

Dry sulfate and nitrate particles deposited on moist foliage can form '_ 
acids that leach nutrients from leaves and needles much as th^ ^ . 
leached frbrri soils. West German scientists have found magnesium 

4 




EKLC 



^ 'Air quality levels efta^ 

to protect human health appear tod leriient 
-to protect the health of forests." 



and calcium deficiencies in tlic needles of Reclining sp^ce trees in the 
Black Forest and Bavarian Foretit of southern VVesi Germany. 1 hey 
suggest that acid deposition, aided by ozone that- first attacks the 
needle's outer surface, is weakening trees through the foliage as well 
as the soi!;'' 

Qzone by itself has been found to_damage trees when cx)ncentrntions 
of 100-200 micrograms per cubic meter last 6-8 hours a day for several 
days This is roughly 2-3 timtrs greater than natural background levels 
typicalTor a summer day: In many rural areas of Europe, average daily 
concentrations art? regularly in this range, and peak levels tan exceed 
haturai levels by 6-10 times. (See Table 4.J Acute__stress from these ^ 
episodic peaks_mav worsen damage caused by high average con- 
centrations: Some scientists studying the pattern/of spruce and 
dieback in the Black Forest and the state of North Rhine Westfalia 
contend.Jthat ozone is the leading cause there. 

No single _hypothesis can account for the varying patterns of forest 
destruction observed. A reasonable explanation for the decline oaone 
site may appear infeasible for another. While these complexihes frys- 
trate the search for a clear-cut cause arid effect, they are not surpris- 
ing. jApart from their unique pathways of destruction, air poljutants 
are most simply understood as a biological stress: Just as stress 
rriariifest in human beings in different ways— such as_ ujcers or high 
biood pressure— air pollUtiori stress on trees shows np in a variety x^t 
ways depending upon the tree species, soil _typ_e_, and the specific 
pollutants involved. PollUtibri-iridUced stress weakens a biological 
system and makes it more susceptible to harrnJrpm riatUral stresses 
such as droughts, insect attacks, trost, and wind. In the Ap- 
palachians, strong evidence exists tha_t thejrowth of triees has^become 
more clpsely tiecl to temperature-and rainfall over the past few dec: 
ades, a sign of increased stress.''^ Droughts may have triggerecLthe fir 
dieback jn West Germany, in 1976 and the spruce decline on Camels 
Hump in the mid-sixties. Insect irifestatioris arid root fungi have been 
linked to forest damage in the United States and Europe. '^t tliese 
natural factors alone s_eerii_irisufficierit to explain the sustained pat- 
terns of dieback and decline: Whether aS a predisppsing stress or a 
primary cause, air pollutarits appear to figure prominently. 
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Table 4: Snrnmer Ozone Concentrations in Seiected European 

Countries 

» * ' • 

Increase of 

22 iJpper Daily Dally Average Over 

Average Peak "Natural" Levels' 

Netherlands .80-130 _:5tja_._ 

West Gerhianv' 100-150 400-500 200 

United Kingdom 90-165 200-5{)(j -210 

BelgiuiH ' ' — ,300 : — 

France . 70-120 — ' 1(S() 

Narwav — - — * 200-300 — 



' rho riiiUpi)iht Uio upper daily .nvMi;c' rah^o is iisi'U for this cak ul.it iuii; "iiatural" 
uztmo avrKVhtratlDii .issiihiod ttMu' hO inicrt)j^r.iins per cuhir hu'toi'. 

• D.tily avOfagc M{;iiros tor Wvst C^iTrtuiMV ari' trt)iii the Ulack f orOsl; the vaJui's aro 
froqui'htlv rOCoraod-iil rural' arOas. IVaks iil illacK horosl Ivpicallv aro IIO-lHO hiitrn- 
granis per cuhic inoflcr: 



So u rce: |£ ny i r t > n ni oii t a I Ro si > u rco s I . i ni it ctl , AiiiJ l\iiit_i;_ A J\i:i'J.C<{ ' of thi; JVwiionh-non in / fu • 
Ll'.C luui Liirojh' (l.i)ndon: Craliani Trt)tnian I.imitod, i9S3j. 



Counting the Costs 

. VVe s t G e r ma n y s .s p r ti ce a n d t i r f c ^ re s t s a re ty pi cn i I y ma n a ged in c vc n - 
'Igud stands vyith trees liarvested at 80-13^^^^ Althcuigh 
damage first appeared on older trees, spruce and fir at all ages are 
dUvy .aff^Qt^'d.. C^^^ tilt? you hger trees to 

significantly disrupt the wood market. In the summer of 1983, when 
forbst'dahi^ge was still placed at 8 percent, the reported value of the 
tw:es that had been lost was about bl.2 billion. Spread equally over a 
ten-year periods these losses translate into about a5 percent decline in 
annual timber production, worth about $200 million per year. ^ With 
dartiagt? hbw covering a third of Wes't Germany's forests, the vnlue of 
this annual timber loss is bound tc^i^f . A growing porhon of the 



"In the summer pf 1983, 
the reported value of the trees 
that had been lost in Wc5t Germany 
was about $1.2 billion." 



pianned annual harvest consists of dying Jtrces rcmovt?d trom the 
forest. Over the nextlknv yenrs, the harvest may reacl^ three times the 
normal leveh and the dumping of valuable v\wd on the market will 
Lihdoubtedlv depress timber prices; I£ven under the optimistic as: 
sumption that the oni^oing destructum ce^^^^^ ^^^'^^ ""'^\^*^"\^S'^" 

Ibrests can be restored, future wood harvests will likely be reduced as 
a result of the present overcuttihj];. Dr. H. Steinlin, Director of the 
Ihstitut'fur Landesnfiege at Albert-Ludwigi^ tjniversity in Freiburg, 
expects that fronf the late nihetie^y iiltO- the/irst quarter ot the next 
century, West Germany will be les^^self-slifyicient in timber' 

The economic and ecological reality otttTis4 ores tde^^^^^ 
German fgrt?st rese^irchers to visualize- a v»ery different torest ot the 
Kiture and to begin planning alternative, management s^ In 
Bavaria and other severely damaged areas, soils are being limed in^an 
attempt to counteract acidity.' But without plovyirig_lime into the soil-- 
a prohibitively expensive task for Such Lirge areas — mineral soils 
cannot be restored beyond_thL\surface, arid this strate^^ 
m2t an ultimate solution. Pvloreovei; linilng does nothing to reduce 
stress caused by ozone and gaseous sulfur dioxide. According to a 
, recent linVniai of Forcstny editorial, jointly written by a German pro- 
fessor Of Forest policy, t>ie president of the German Forestrv Associa- 
tion, a Regen'sburg 'foresten and a formj^r .U. S, Fulbri^ht Visitor to 
Germany, 'Air pollution is now ihe problem that concerns West Ger- 
man fcTCSters most: The results of 20(3 years oj ]orest mariagemleht 
seem to be extmguishable within the next 10 years . . > Only a [cw 
people think about an alt-too-possible scenario: centra! Europe with- 
out forests':"'^ _ , . 

Mariv of Europe's forests are intensively managed conifer stands that 
yielcf large timbpr volumes front a conVparatively srriall area. With only 
one-fifth the forested area of North America, the countries of Western 
Europe harvest about half as rtilich v^obd as Canada arid the United 
States combined. Western Europe accounts Jor 15 percent of the 
world's industrial wood harvests, even though it has only 4 percent of 
the wftrld's forests:''^ As with agriculfural crop production, the eco: 
nomic gains of interisive forestry are made at the risk of greater 
vulnerability to outside stresses, a vLulne_rability obviously com- 
pounded if the_species being grown i^r sensitive to the stjess. Since 
planted trees are purposely managed and valued for timber produc- 
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tioh, damage \o them results in a direct eeunoraic joss: Though VVost 
G e r m a n y si t u a t i t > n i s i n s o rii e \y a y s_ iin i q ij e , p I a hi at i oh to re s t r y a nd 
more intensive forest rnana^^c merit are becoming more common 
v\\)rldwidt\ incrtujsihg^ b the likt^Iihodd and potential ..'cononiic 
24 t?ftects nf forest damage. ^ 



Mcire than half the savvtiniber in the United Slates comes from the 
harvests of just a fevv species, notably Douglas fir and poriderosa pine 
in the VVest, and loblolly, lonj^leaf, 'shortleaf, and slash pim^s in the 
South. Between the mid-sixties and the late seventies, the forest 
jndu:;try increased, its annuaj piantjng and directrseeding of commer- 
cia 1 specie s 2 . 5 t i mes . ^rpta 1 U.S. pj a nti n gs _i hi 97H we re oyer 8f )0 , 000 
hectares, a substanUaHy grt-ater area. than, iscannuaily piauted for 
industrial wood in ajl of tHe tropics. RouglUyJ;?^^_P*-*jceht o^^ 
softwood timber hiirvest comes from the Sooth and the Pacific coast 
a rea , ve t because Pac i f i c f o re s t i ri d u s t r v Ja rids ca nri ot s li s t:a in cu r re ri t 
harvest levels, the tI:S; Forest Ser\'ice projects no increases in soft- 
wood supphes there until well into tlie riext cehtiiry, I ri c\in trast, 
supplies from the South are expected to rise by nearly 50 percent by 
2_o5oi arid tjrriber compariies iricreasirigly are tiiriling to the South s 
favorable growing conditic^ns. ^ ^ 

Many of the pirie species currently being planted in th.e South and 
Sou tfi east ace among those that -have shown damaec^dr grotvth de- 
clirics frorri ozone and possibly acid deposition: Although the evi- 
d e ncc s o f a r is too vye a k to _ pr o j e c t f u t u re e co ri o rii ic Ic ) s s es , s o rn e 
southeastern forest lands may produce less than optimum viejds. 
Rough! y 1. 0 pe rcen t of th e a ii ri u a j f c) res] r ro w t h i ri the eas te rri U n i ted 
States occurs in areas high sulfate dcposilion — cn er 40 kilograms 
per hectare annualiy. Oyer 75 percent occ ur^^ in areas receiving annual 
sulfate doses of 2f)-4(3 kilograms' per hectare. " Sibils in many parts of 
the Southeast are susceptiDle to acidification, arid acid deposition may 
in time reduce soil fertifity to the point that tree productivity begins to 
decline^ Accbrdirig to one 1983 study examining the ec^ncirnic effects 
of acid rain, a 5 percent growth declme in souHierri softwoods would 
translate iritd an annual iDss of timber sufficient for abotit one-tenth of 
the new U. S. homes built eath year. IvScieritisis hay 
"urgent" riecd to test mana^^ed furesl species for sensitivity to both 
nitric and sulfuric acids, and that such tests rriust allow ei^bugh tirrie 
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to measure elfevts that appec:T oniy after several years or decades of 
exposure. * 

While clea. lv concerned, the U, forest prodiicts mdustry m^^ 
that the evidence linking fore^r damage with acid deposition's nol 
sufficientiv convincing to vyarrant action. Surveys' of tne la 
estry companies have yielded, no clear sign that declines in Forest 
prodiK^tivity irpm jicid Bc^^ositjon Have occurred oil their lands. The 
forest prodiicts indnstry,-hbvvevei; is threatened not only with poten- 
tial timber losses caused by acVd rain but by regulations that might be 
issued to control poilution emissions. Producing paper and other 
forest products consumes large amounts of energy, and additional 
pollution controls for power 3nd manufarturing_pl_a_nts_ vvcmld raise 
production cbst.s. The industry, therefore, does not now ^.upport 
costly acid rain control measures, which it Feds can rLot giK:^rantee 
efficient solution to a kriovv^n problem; Moreover commercial timber 
lands are visiblv suffering from infestations of S}::ruce budvvo^ 
beetles, arid gypsy moths— problems of more immediate concern to 
most tirrtber companies than acid dep^qsitibn.'^y^^ ^He . industry 
became. Convinced that acid rain ivas causing even relatively small 
declines in forest productivity, this posiMoh probably wciuld change: 
Dr. Ely Gonick, senior vice-president of 1 nterni^tional F^iper, the na- 
tion's largest private fbrestjand holder, points out that paper mills are 
highly capital i'rrtensive and thus are ^'captives of their geoeraphy. 
They depend on a very Jong arid cbntinuing supply pt reasonable cost 
wood to survive economically. If acid rain damaged that supply, then 
the mills could fail and jobs vvduld be lost:"*^ 

in Canada, damage to vegetation surrounding sulfLir emittihg 
srrielters has long been evidenl, but so. far no firm evidence exists of 
growth declines from regicinal air pollution or acid deposition. Yet 
more than half of Canada-'s productive forest lies in the eastern part of 
the coun^^ry where precipitatioh is acidic and scmIs have little 
capacity. With one out of every ten (fanadian jobs dependent on the 
forest industry, and anhiiaJ forest products valued at more than 520 
billion dollars, Canadu^n officials are understandably concerned 
about acid depositions potential to damage thair timber sujpply: Ac- 
cxrrding to Dr Raymond Brouzes of Environrnent Canada, /A rj?d^^ 
tion in tree productivity's ^mall as J percent or even :25 percent per 



vcar would result in a si^nitieant reduction iii.tiital wood production it 
cohipounded over the lile-span ol' a tree: Sucii a reduciion could have 
serious implications, on the hhre supply ajid e^cononiic well-being ol 
the torest-nased industries."'"- Kei;arciinp the-, tiircai to Canada's jor- 
ests. Dr. V. W. Bormann ol ^ale University adds^ "The danger is tha 
by the time a 13 to 20 percent loss in productivity has been docu- 
mentCLi dev^riuiation will be irreversible/'^ 

Canada ajreadv laces scvltc con sequencL»s j'rom^U ^^^K'^''^-^ 
forests. Puor management practices and inattention to regeneration 
have. left Canada's .timber lands in a sorry state. Hoping to I'ase this 
trend, the provinces of Ontario and iNew Brunswick nave established 
tenure agreements with pfiv'ate forestry companies, encouraging 
them- to invest in public forest land a.nd. thereby increase timber 
supplie.s and future vields. According to Dr. W. Krause, forest re- 
sources professor at the .Universitv of . New Brunswick, .improved 
management p)ractices irl iNIeW Brunsw^ick are projected to eventually 
m o r c t h an d .t ru b 1 e t h p. r o v i n ce 's yea r I \' a \' e r a^ge .j n c re me ii ta 1 t i m b e r 
growth. Yet [^r. KraUse ftilkiws with an as yet unanswerable query: 
''VVill this increased management. input be counteracted, in the future, 
bv con ti 11 Uing acidic deposition?"'^ 

Although acid rain tend.s.to be associated with the industrial world, it 
has now been measured in nrany devt?lopihg t:ouhtries as well. Large 
portions cU Brazil, southern hidi'a. Southeast Asia,. and eastern China 
are underlain by the tvpe of soils most susceptible tc) aciditication: 
Threatening levels o\ soil acid it v bkvc reportedly been .measured in 
some of these rireas. Trees are being planted in. these and other 
devekiping rcgums to meet not onl\' growing industrial uwd. de- 
mands^ but cr'itical lieeds for fuelwoiid and charcoal^Thc ambitious 
industrializaiiofi goals set by manv of these countries— in which fossil 
fuel.s tvptjcalU' figure prominently —raise the possibility_of acid depo- 
sition ev'entuallv countering some of the gains made frc^rii plantation 
fores tr\'. 

One special concern for Third World plantation forestry is the poten^ 
tial For acid rain to inhibit .the functioning of soil microoreanisni-s.r^ 
These minute creatures appear to plav kev roles in successfully c^^tab- 
lishine tree plantations on dejjpnded larid^^^^^ P^^^^^^ T^^j^^ 

tree planting is taking place: NJitrogen-fixing bacteria, for example, are 
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"targe portions of Brnzil, 
sou thorn India, Southeast Asia, arid ea^^^^ 

are underlain by the type of soils 
rilost susceptible to acidificatibri," 



behind tlic hardiness cHui ptirtiiii nUtriLMU soit-sutticitMiL v of ioj^iitnos, 
ci Mmilv o\ troos incrcMsinglv ciuison tor Luc i wood pinnUitions. 'I1ioso 
biicteriii iiiid otiu'r impt)rlanl niicrtUirgtiiiisms may not tiincticnn ds 
well under tlio tiltt'rod soil ctindititins brtni^iit tibout by ticiUitictition. 
I^t^\ oting jtirge nrons to monot'iiittiro pkinltitions tif ftist-growing trees 
.1 p pe a rs neces sa r y t o I es se n t H e '\\\\ rd yVor i d s r t ny i ri^t t ii el wo od 
crisis: Yet unless soils are priitceted trom increased aciditicntion, vital 
wood supplies hiay dimihisli/' 

!_h 0>J i h 1 1 h to 1 1 1 i s wo r id wide g r o w] ii in pi a h t a t i o ii s , a 1 1 e hi p t s to 
profitabi\' increase* short-term wockI production are leading to greater 
use of ihtcMisi\'e liar vesting practices tiiat mav cause Icin^-teriii de- 
clines in f o re s t p rod u c t i v i t y Re s ea rc li e r s at t lie 1 ! u b ba r d Brook e\ p e r i - 
rnerital forest iri tlie White Mountains of New Hdnlpsllire fotiiul tliat 
losses of calcium, p^^otassium, and nitrogen during the ten vears fol- 
ic nvi rig an e\periJ11eiltal c lea rent of their hardwood forest were, re- 
specti\'elv, o\'er 3, 7, and 1 1 times greater than from an adjacent uncut 
forest. Ftir calcium and potassium, these liisses were over half the 
a m o LI n t s" 1 1 1 re d in the f o re s t e c os y s t e n i CI e a rc u 1 1 i n g is c i ft e n co m - 
bined with whole-tree har^'esting,' in which the branches, leaves, and 
t w i gs a re re m o\ 'e d f r 1 1 ni t He f c i re s t a 1 o n g \v i t h t he t r i j n k s . Lea \'e s a n d 
twigs are especially ricli in^iutrients, which, if left in the forest, vvouid 
re t u r n to the s 1 1 i 1 as t h e b i c i iri a s s cl eco m p c i sejd -. C! e a rcHi 1 1 i rig^ o_m bi n ed 
with whole-tree harvesting may export 2-3 times more nutrients from 
the forest than a clearciit where ohl\' the trunks are rehun'ed.'"' 

The flubbard Brook researchers^^p^ oul- that it niight take 60-SO 
years for their experimental hardwood forest, from which no wood 
was remtneci followirig the clearcut, to return to precutting ccincii- 
tions. Cutting again before luli> nutrient reco\'ery would likely de- 
grade the forests productivity over time. Whole-tree harvei-.ting no 
doubt wtuilcl postpone recovery even further, as would acid deposi- 
t i cm , which b V it s e 1 f c a !1 i n c re a se t h e rate cii n ti t r i e n t leaching t n re e- 
f o 1 d in s o m e p ci o r 1 v- b u f f e re d , a ci d c s c i i J s' Fe w s t u cl i e.s / it a n y, li a \'e 
examined the effects of acid depcisltion combined with thcvse intensive 
forestrv practices. Yet taken Uigether, they, increase ^he likelilycicKi of 
long-term declines in forest productivity: Scientists reporting at the 
1982 Stockholm conference bh aadifiaitiori hc)^^^^^^ 
intense acidic deposition these (nutrient) losses added to tliose associ- 
ated with logging, particularly whole-tree harvesting, riiay jeopardize 



the ability ttLSustain yicids:"'^ Dr Silles Kobitaille of Canada's Lauren- * 
tian Forest Research_Ceritre erriphaticaHy echoes this concern: "We 
strip cut, cut by diameter and clear-cut . . . We recover the trunksi^ 
branches, foliage,_needre_s— everything. Nothing is left on the ground— 
to break down and improve soil quality. Alon^ comes the_ acid rain 
which leaches the r nutnents from the soil: What is left to 

regenerate the forest?"'^^ 

Growth declines iind tree damage on forest lands, in ten_sively rriari: 
agedjgr rharketable, timber will reswLt in direct economic losses. Yet 
the changing ecology of the. natural forest system brought about by 
acid dej)qsitioh ahU air pollution rnay have severe consequences as 
well: From an ecological point of vievv^ ajcid deposition arid pollutants 
are relatively riew stresses, and knowledge of complex forest systems 
is too limited to predict how forests ultimately will resporid to them. 
While acknowledging this-difficulty, scientists with the Norwegian 
laterdisciplinarv Research Programme on acid precipitation conclude 
after eight years of study that in susceptible areas the issue seems to 
be "a question of proportion arid tirrie required rather than whether 
any ecblogicai effects appear or not/'"^ 

The industrial world's fprests are npvy subjects ^^^^^ 
merit of unprecedented scale and untestable outcome. Where pollu- 
tants remain at relatively low levels, mariy forest systems wHl con- 
tinue to absorb them without major damage to the sbiL * 
microorganisms, or Jrees. Yet as chrdriic stress increases, ecojogioii 
theory predicts a staged decline that in extreme cases could end in 
cornpkte ecosysterri collapse. This has occurred around high emis- 
sion sources such as the smelters at Sudbury, Ontario^ and Cbp- 
perhilU Teririessee. The forest decline spreadmg in central Eucope 
could be the beginning of such a complete collapse on a r^^^^ 
scale. Everi if pollution remained at today's levels, forests and soils 
continually exposed to this degree of stress may iri time lose their 
resistarice. Moreover, long before the ecosystem ceases to function, 
other resources that depend on a well-furictioriirig forest will be af- 
fected. Forest effects do not stop at the forest boundary, but ripple to 
groundwater^ streams, arid lakes which receive acids and metals that 
br^ak from the forest cycle: Hcmanity's intimate connections to these 
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"The industrial wotld's forests 
are now subjects of ah ecblogical' experiment 
of unprecedented scale arid untestable outcome:" 



l:'oret;t systems ensqres that it will not escape h ing the effects of their 
demise. 



Cutting Emissions 

Goal is much more abundant than oil and will be the primary pollut- 
ing fossil fuel in the decades ahead. About 660 billion tons are now 
technically- and ecpnornicallv recoverable, which at today^ rates of 
production would last well over two centarieS;^ compared with 
roughly four decades for oil. Moreover, some lO trilljon, tons p_f^^ 
equal to more than 800 times the world's annual use of energy — are 
known to exist and rnay ultimately bc recw 

resource constraints -wiii by themseives limit emissions of suffnr and 
nitrogen pxides in the foreseeabje futdr^^ Emission levels 
on such factors as the rate of economic growth, energy prices, the 
cornp>etitiveness of altern^^ use, and, 

of course, pollution control measures— all factors subject to much 
uncertain ty. Ye t exi sti ri^ J reri.^ ^ gg^st t hgt atmospli e ric poll U tan ts 
and the acidity of .precipitafion will mcrease in much of the industrial 
and developing world. 

SulfUr dioxide emissions in North America and the ten-member Euro- 
pean Economic Cornmunity (EEC, also known as the Common 
Ret) will remain at their existing highJevels, but probably wiH not 
greatly increase. (See Table '5.) in the EEC, declining use of fue^^ 
(with an average sulfur content of_2^5_percent) and rising use of coal 
(with an average sulfur content of LS percen^^ Has the net effect of 
maintaining SO2 emissions at roughly current levels. In addition, 
requireniehts in the Nethe^^^^^ And V^st Germany tha^ new coal- 
fired p^wer plants be equipped to_ desulfurize flue gaser also-hek)_ 
keep EEC_emissioris from^^^^^^ ^n North America, pollution cdntrdls 
on new power plants and only modest emissions increases from 
Canada's smelters keep sUlfUf dfbxide emissions from rising substan- 
tially: But in the countries of eastern Europe, already among the most 
heavily polluted in the world, increased burning of high-sulfur coal 
*and lignite is projected to increase SO2 eriiissions by jo percent. By 
the year 2000, emissions from this region are expected to be double 
those in the United States, even though it is one-seventh as large in 
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area. Eimissions trom tlie Soviet Union, which are now about equal to 
those oF the United States, are also expected to increase by a third. 



Table 5: Projected iEhanges in Sulfur apd Nitrbgeh Oxide 
Emissions, 1980-2000 



Sulfur Dioxide Nitrogen Oxides 





1986 


2000 


Change 


1980 


2000 


Change 




Itmllion nu'lriL" Ions) 




(inillioii itu'triL* Unis) 


(pLTLl'llt) 


United States 


24.1 


26:6 


+ id 


19.3 


24.1 


+ 25 


Canada 


4:8 


4:5 


-5 


1.8 


2.4 


+ 33" 


EEC 


hS;6 


19:0 


+ 2 


> 9 2 


11.1 


+ 21 


Soviet. Unlon^ 


25:5 


34.6 


+ 36 








Eastern Europe* 


40.7 


55.3 


+ 36 









* Yt\Vr !W2 cind 2()0:i oslim.itcs. t\ithor.thiin \^MJ »nd 2000. Kslim.itL's hn n\tny^'n oxide 
tTilissiiihs not .iViiiUibU' or rt'liiUMy ostiiiiiilcd. 



Sources^ U S cind C^inacJ.i: Ihntfil ^tiUi's-CuniUltJ i\U-monni'iunj oj Intcni on Jnin^h^iifulanf 
Air l\/Uuion:. /..i irn t ivc . S /_/ ninu i rn -s {Ol l.i \v.i_,. . C.i n d .1 : i: n v 1 ri mm l> n 1 LMwd a, 
1483)^ VA-C: t"nvirL>nMUMitiil Re sour res l.imilod. Acid Riiitr A Rci'icir oj iTic 
tVwnonicuoii in the iJ.C unj iMrojh' (Lotidoii: Gmh.ini & 'IrotMi.iri IJmitLui 19H3), 
S pecevnt y;''i>\^'tti scfn.irio); Soviet Union .ind b\istorn huropc: N.H. High- 
h>n .ind M J. Ch.^dwick, "The lafocts'ot' Ch.iny;int; P.ittoFns of Unvm' l-^^;<^'^>n 
. Siilhir Emissions jnd Depositions in turope," AinhuK Vol 11, No. h, ])H2. 



in ccmtrast to^the varving_prciiect[oris^ for sulfur dioxjclc -missjons, 
riitroeen oxides are on the rise nearly evervwhere. In the countries of 
the Sec, where NO^ emissions are thought to have increased 40-5D 
percent since the early seventies, emissions a rev prcijtvted to di 
another 5-21 percent before the century is out: (The range reflects 
different assumptions for the rate of economjc growth.) This exp)ected 
rise is mainly iittributed to Utilities burning less oil and more coal, 
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since coal combustion generates more nitrogen oxides than an'equiv- 
ajeht arhduht ol' oil cdmbustidh, arid to the expected increase in cars 
traveling the EEC highways. In the absence or additional controls in • 

the United States, nitrogen oxide emissions from Utilities are pro- 

jected to increase 55 percent. This estimate assumes a higher growth 31 
in energy demand than now seems likely, thus actual NO^ increases 
will probably be sornewhat lower than the 25 percent total rise pro- 
jected by the joint U:S. -Canadian work groups; Canada^s biggest 
increase will come frc^n vehicles, whose emissions are projected to 
rise by 50 percent to roughly 1:7 miilion tons, or over 70 percent of 
total NO, erriissibhs. 

In rnpst areas where acid rain is now a .problem^, sulfur dioxide is 
responsible for about 70 percent of the aciciity and nitrogen oxides for 
^ pu t 30 pe rcc n t , ( The re a re ri Ota ble exce pti b ri s, sue h a s area s in the 
Pacific and Rocky Mountain regions of the United States, where 
n i t rbge h oxid es _co h t rib u te a m u cjn g rea t e r s h a re to p rec ipi tati oii acid - 
ity.)^" But the rp^pidly rising emissions of NO, and steady or decJining 
erriissibhs of SO > suggest tnat in hi any areas, nitrogen oxides will play 
an increasingly important role in the creation of acid rain over time. 
Moreover^, since cnemical reactions involving NO^ lead to ozone, ^ 
ozone levels in areas conducive to its forrnation will increase as well. 
Given ozone's known toxicity to plants and trees, along with evidence 
that ozone helps form acid deposition and rnay rnake trees rri pre 
susceptible 4:0 acid deposition s effects, reducing nitrogen oxides 
should clearly be part of any cbritrgl strategy tb protect forests. 

A] t h u gh e St i m at e s _b f _ f u t u re ern i_ssi b n s in Tb ird VVb rid cb u ri t ri e s a re 
not readily available, trends suggest that air pollution and acid rain 
yv i ) 1 wb rs e ri i ri rri a ri y_ b f J he rri o v e r t h e cq rri i ri g d e ca d e s .Pre cip i ta t ion 
acidity is not widely monitored in developing countries, but rain with 
apH of 4.5 or below has beeri rrieasured in cities in China arid India. 
Industrialization plans for many of the most populous Third World 
countries call for vast increases in coal burning, following essenfially _ 
the same jpath taken by today's industrialized countries early in the 
\GentUry. China's annual coal output, for example, increased more 
than 20 times between 1949 and 1982, and is now up to 666 million 
tons, almost as much as output in the United States: If China'^ plans 
to i n c i^a se pe r ca pi ta e ne rgy cb n s u m p t i b ri a re f u 1 fi 1 1 ed x the ri a t i b n wi 1] 
be burning some 900 miilion tons of co^i each year by the turn of the 
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century"' Brazil's consumption of coal has been nsing at an average 
rate of about 10 percent per year, and steel, cement, and paper 
companies are switching from oil to cbal."= India plans to mcreasexoal 
•procructio. ^o 325 million tons by 1995, roughly 1 6 times greater than 
55 1982 levels Sulfur dioxide ernissibris from coal and oil have nearly 
^ tripled in India since the early sixQe?, and were estirnated at 3.2 
million tons in 1979— slightly less than current emissions from VVes 
Germany Dr. C.K. Varshney of JawaharlaLNehru University s School 
of Environmental Sciences sees problems from acid rain as very 
much in the making in tfie country . . . The current pace of develop- 
ment is bound to promote acidification of the environment. 



Hieh levels of ozone arid other gaseons pollutants are already prob- 
lems,in some developing countries, yrban^ifi-eas situated in- valleys 
surrounded bv mbUritairis, such as Mexico City, Guatemala City, and 
Caracas, are becoming heavily polluted from aUtoraobile emissions. 
Trees are dyirig albrig heavily traveled corridors in Mexico City, and 
uncontrolled turning of leaded gasblirie is bf increasing concern m 
Guatemala City arid Malaysia: In some of these regions,^overnments 
are encouraging polluting industrie^s tb mbve to outlying areas or to 
build higher smoMcestackl, precisely the strategies belieyed W have 
worsened acid rain in the rufal areas of indnstna: countries. 

Without effbrts tb brake these rising emissions, destrUctibn caused^by 
acid rain and air pollutibri twb decades from now may dwarf hat 
evident today. Government policies must begin to recogiiize tha 
damage to forests, sbils, and lakes is an added cost of fossjl-fuel 
cbmbustion that is not now taken into actburit iri the princes ronsam- 
ers pay Society is iri effect subsidizing fossil-fue generated electricity, 
motor vehicle use, and metals productibri by allowing free use of the 
environmerit tb absbrb the resulting pollution. Such an externality, 
so called because the social cbsts are external to the_private costs, 
means a pbrtibn bf the real cost of these activities is hidden. Since 
costs appear lower than they really are, mOre of these activities take 
place thSri is optimum for society. Where the erivironment can no 
longer assimilate combustibri's pbllutibn, these external costs are now 
becomirig visible in the form of acidifying lakes arid dymg forests; 



Correcting this inherent market failure required that those fostering 
the pollution begin payirig for it— either through technological con- 



"Ojily a handful of countries 
__ now require power plants to contrbl 
sulfur dioxide emissions with effective technologies." 



truls, Omissions taxes, Sdles taxes (for example on motor vehicles), or 
other means. National energy and environmental strategies are not 
yet doing this, and they are fnadecjuate to prevciU air pollution and 
'icid dcpositign imp^^ vvorsening in the future. Dniy a handful 

of countries now require power plants to control sulfur dioxide emis- 
sib hs with e f fectj ve tech noRigies . The ma J o ri ty s til 1 rely o h 1 o vv-su 1 f u r 
fneis and dispersion through tali smokestacks to control poliution. 
Tb"^' J^^iJ^piL^^^^^^^ the latter 

only transfers a portion of the pollution damage from''urban to rural 
areSs. 

The U h i ted S tat e s , We? s t G e r rri a n y, a n d 1 11 e i ^ t he rl ah d s s ta h d o u t a s 
having taken some serious action in recent yt ars; New power plants 
in these cblihtries are required to ihstiill flue ^as desulfurizatibh 
(FGP) eauipment, often called ^scrubbers," which is the most. widely 
used tecnnology for reducing sulfur dioxide. FGD reduces SO^ erriis- 
signs by 80-95 percent, arid typically adds 10-15 percent to;electricity 
generating costs. Because of slower energy growth and high interest 
rates, conn pa rat iyely few new power plants will be built over the riext 
decade or two: AcKieving substantial pollution reductions in the near 
t^^J^m_ v/i 11 thus requ i re that exi s t i rig plan ts be con t ro 11 ed . O ri ly Wes t 
(Sermany has begun to tackle this politically difficult and more expen- 
s i J 21 ^ k . Wi t h n e i g h t e n ed _ cb ri^e r ri o y e r spread i iri e d a rn age to the 
nation's forests, the West German Bundestag passed legislation in July 
A^^3 calling for tight controls bh the largest 150 of its 1500 existing 
plants, those over 300 megawatts/" Although the tj;S: Congress has 
before it sbrrie dozen proposals to curb erriissibris from txistirig 
sources, political divisions over the regional distribtition of costs and 
benefits trbin such measures have so tar prevented their passage. 

Efforts to cojitroi nitrogen oxide emissions also have far to go if 
exi:/ ting I eve Is a re even to be ca pped , rib less red li c ed . _N i t rbgeri 
oxides are harder to" control than sulfur dioxides since they result not 
only from nitrogen contained in fuel, but frbrri the bxidatibri of nitro- 
gen present in the air Both utilities and industries could reduce NO, 
emissions up to 50 percent with cbrnbustion rribdificatibhs costing 
roughly 1 percerit of electricity generating costs. Yet so far little atten- 
tion has been given to even these modest controls. Mor€, stringent 
controls would require techngldgies such as sejective catalytic reduc- 
tion (SCR) that treat flue gases for nitrogen oxides as scrub&ers do for 
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sulfur dioxides. These systems cnn reduce NO. bv 90 percont and 
typically cost 3-8 percent'of j^eneratirig costs, roughly halt as much as 
scrubbers."" 

■^4 Japan stands alone in requirinc that power plan ts substantially rediice 
nitrocen oxides along with sulfur dioxide, priraarily a response^to the 
nation's health-threatening urban smog problems, lo meet the re- 



iuired"73 percent NO. reduction, Japanese power-plants typica ly 
mu-,t CO bevorid combustion modifications and apply selective cata- 
lytic reduction, which has barely been tried in other countries. Equip- 
> ment to desulfunze flue gases Has been installed m oyet a housand 
Japanese plants of various sizes and types-utilit.tv'^ industne_s, and 
^^lelters-i-compared with at most 20(1 in the United States: Moreover, 
the Japanese plants use a regenerative sy.stem that yields niarketable 
bvproSucts-elementnl sulfur, sulfuric acid, or gypsum 
tfie Hundreds of thousands of tr^^s of wet sludge produced annually 
from the "throwaway" desulfv .izatioh process _used in most U.b^ 
plants A ready market for sulfur materials initially made this option 
especially attFactive, and with land for waste disposal extremely 



scarce. 



< tHe cost of SUlfur.recycling was factored mto electricity costs 
ndced pollution control accounts for roughly 25 percent of the total 
lost of coal-generated power, and Japan's electricity costs ™g 
the highest in the world. Yet Japan appears _wil ing to foot this bm for 
the benefits of improved air quality. Writes Dr. JUmpei Ando Gh 
University, "From hi|h buildings in lokyo one can now see Mt, Fu)i 
100 kilometers away; '"' 

Some promising pollution control technologies are now oi| the hc>ri- 
zon which vvilf expand opticas for controlling emiS-Sions from both 
new and existing plants. Besides improvements in flue gas de- 
sulfurization, two technologies that- control botji sultur arid Wtrogen 
cmdes during combustion fook attractive. F uidized bed combustion 
fFBC) irivolves burriing crushed coal ori a bed otjimestorie suspended 
bv an upward irijectiori of air. The limestone reacts vyith the sy fur 
dtoxide Ss the coal burris, reducirig SO, emissions by m percent ni 
more. As with scrubbers, the resulting wastes mu|t either_ be d s- 
ribsed of or made into marketable sulfur products. Because combus- 
Hon is carried out at a lower temperature, nitroger. oxide e miss urns 
are 15-35 percent lower than from a coriveritiorial btiiler _FB^ JS__now 
be^ng trieS at some 30-40 plants in West Germany, the United K.ng- 



"Some p r q m isi rig pql I u I j on cb ri Iro 1 
lechnoiogies are now on the horizon:" 



do m , S vvtHi en , _ the NetH erin n cis, n nd the Un i ted S tates . Most p la n 
currentJy tusing FBC have capacities otJe^s tlwn 40 megnvvatts (mnny 
a re u h d e r 5 meg a v\;a tjs I but s e ve ra i _ i n We s t _ G e r m an y have ca pac i t i es 
o£ iO(3 megawatts or more: Sweden's success with the technology at a 
1 ?^OIt?g^ ^^''^ ^ t pj A'l t ll^ ^ J t M^^. h s i d e r b u i 1 d i n g a 330 -j^eg^a wa 1 1 
commercial-scale combcistor: in the United States, a fitiidized bed 
t''^^IL^\'! J^'-MHS ^'I'^^t?^! yO^li^^r thL\ directioii of the Eltx^^^^ Re- 
search institute at a plant in Kentucky: A Jarger demonstration project 
is expected to follow this 20-rriegavvatt pi lot -scale plaiit/"'' 

Another promising technology — the lirriestohe ihjectitih multistage 
burner (LIMB) — appears to deserve a_ rapid thrust forward. It com- 
bines combustioh modificatiohs for NO^ control with ihjectibh of 
limestone into the combustion chamber for control of SO:. LIMB's 
main advantage lies in retrofitting: For a capital cost just over one- 
tenth that of scruipbers, l^IMB can apparently remove 50-70 percent of 
both sulfur fzm/ nitrogen'oxides from existing pianos. The technology 
is still being developed, but pilot-scale tests ma tee it loot; promising.'"' 

Motor y eh icies are tlie Icviding source of nitrogt?n oxide emissions in 
most industrial countries; They are also a leading source of hydrocar- 
t't^ h s, th e ot h e r i rig red ie ri t need ed to f or m ozb lie . Ca r s so ld i ri t h e 
United States now have- catalytic coriverters that cut hydrcicarbons by: 
96 percerit arid nitrbgeri oxides by 76 percent over the levels c)f 
uncontroiied cars. Other jnod if ications allow substantial gains in fuel 
efficiency along with pollution reductibris, despite the tendency fbr 
converters to decrease combustion efficiency, Japan's standards for 
autc)mobiIe NOv emissions are even stricter than, those in the United 
S ta t e s . A 1 1 h o u g h Europe a n co u n t r i es h a ve made so m e p r og r es s i n 
controlling automobile pollution, the large reductions- possible with 
cata lytic eg iwe r t e rs a re ri ot_ ye t being ach ie veci . _ VVe s t Ger ma ny,_ A u Sr 
tria, and Switzerland have jeach announced intentions to movelow^ird 
lt^ot>"^"[ '"CQ. g'^soli rie, which is required Jn cars ecjuipped with conver.S 
ers: Because so much travel takes place between European countries, 
other riatioris riiay be induced to follow their lead."" 

Requiririg those fc)steririg air pollutibn to begiri contrbllirig arid pay- 
ing for it will raise the price of energy and products to industries and 
cbhsUmers. But this iri^ turn will encourage more efficient Use bf 
energy and materials. Fevv would argue that Japan's high pollution 



r 



control costs have seriously ufidermined its competitiveness in global 
markets: With the exception of extremL^Iy energy 

such as aluminum smelting, most-Japanese industries:,have accommo- 

- y_ dated the higher energy costs _by_ using energy more efficiently, 
'ifi japan's per capita energy consumption in 1982 was 2.7 Umes lower 

y than in the United States and rougHlv L5 times lower than in We^st 
Germany, Sueden. Denmark, or the United Kingdom. ' Meanwhile, 
its air was growing cleaner, arid its crops, trees, and people were all 
breathing easier: - 

Industrial countries that rely on fossil-fuel combustion for the riear 
future must begin niaking it compatible with the preservation of their 
forests and other natural systems. This vvill be experisive, but by^Tto 

- : means prohibitively so. Evi^n with costly-flue gas scrubbers, new coal 

plants can generate 'electricity morcy chcaply today than any other 
widely availrible energy source, except hydropower, A decade from 
now, coal burned cleanly will in mos^castvs j^^^^^^ ^'^P^'^^;^^^' ^^'^^ 

riiiclear povver and other conventional sources. But by then several 
renewable energy sourccvs may be econom^^^ and y:te 

range of energy options will have greatly expanded. - 

Developing countries are in a position to avoid the ppHuti^i^^ri prbblerns 
for ^'hich industrial cquritries are now fxiying dearly: The renewable 
energy technologies now emerging alongsidi^the, large-scale cen- 
tralized power grids iri the industrial countries can be at the heart of 
energy strategies just now taking shape. Wherc^ coal o^^^^^ 
the best option, controlling sultur and nitrogen oxide emissions is 
cleariv essential and vastly cheaper_if dfm\_^rorri the. start. M 
bv takirig advantage now of the -breathing room conservation and 
increaseci energy efficiency provide, long-term energy plans- can in- 
corporate the nexv pollution technologies and broader ranw of energy 
options fast becoming technically arid economically viable: 



Can Forests Thrive iri a Cbriiriioris? 

What is now unfbldirig iri the forests of industrial countries is a 
tragedy of the commons on a grand scaie.'' Less jiolluted air would 
clearly' benefit all riatibris, but most feel that acting to curb kheir own 
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''All but a few countries export 
at.|east haU 6( the sulfur dioxide they emit." 



tOTissions, v\ithou t oiiar^ htc^^ "^A^^^ris will d^^^^ likewise, will 

inccir greater costs inan it yields benefits, 'I hc* dilemma derives partly 
f<om a cornplicated arid, irribalahct?d trade in air pollutants. All but a 
Few countries export at least half of the sulfur dioxide they emit, 
Where it ends up depends largely on wind and weather patterns: At 
one end of the spectrum are the Scandinavian countries, with cprn- 
paratively low sulfur emissions arid where 75-90 percent of the sulfur 
deposited is imported. At the other extreme is the Um 
the largest sultur emitter in Western Europe, buLwhich exports 
nearly" two-thirds of its t?missipn_s and iniports only 
depositions: The numbers shown in Table 6 have wide error margins 
around them, but they dp portr^ay Jhe 

terns occurring on the" European continent. (Data for Eastern Europe 
are questiohablt?; emissions given for these couhtrie^ 
low:) In some cases countries with modest domestic emissions receive 
as jTiuci^ sulfur per ijnit area as the heavie^^^ '^f^itters. Austria, for 
example, has more sulfur deposited per hectare than the United 
Kingdom, even though it emits only One-tenth as much sulfur AU 
though much less is known about transfers of nitrogen oxides and 
ozone, these pbllutarits cross borders as well: 

International coof^eratiph is esst?htial in cbhtrollihg sUch a wholesalt? 
continental pollutant trade. The possibility that a nation's own control 
efforts may prove fruitless because of uncontrolled emissions from its 
neighbors is a -major barrier to action. To date, attempts at achieving 
multilateral cboperatibh have been faltering at best: An important, 
though rnostly symbolic advance was made in_1979 with the sig^riing 
of the Convention on Long-Kcinge Transbcu^idary- Air Pollution, ari 
agreement reached w'ithin the fbrurri of the United ^sJa^ 
Qimmis^jion for Europe (ECE): Unfortunately, the Convention re- 
quired little concrett? action, tcward reducing emis^^^ fT^iP At^ .sig- 
natories, although it did pave the way for cooperation in research, 
moni tori ng, a nd i nforrhation excha hge. It strengthened the Cooper- 
ative.Frogramme for Monitoring and Evaluation of Long-Range Trans- 
mjssipn pf_Ai_r Ppliutants in EUropfc\(EM^^^ the 
transport and deposition of pollutants. The Convention also was the 
first time that Eastern Eun^pcari nations entered into an environmi'n- 
tal compact with fhose of the West. Emissions from these natipri_s_ arc 
especially high, arid large quantities spill over into West Germany, 
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Tabic 6: Estimated Sulfur E^missidn an in Selected 

European Countries 



Country 



.Annual 
Emissibiis 



Average 
Monthly 
Deposition 



Density of 

Average Share of 

Monthly peposijion 

Deposition Imporled 



Western Euwjyc 
Austria 
Belgium 
Frahcc 
Greece 
Ireland 
itaiy 

Luxernbourt^ 
Netherlands 
Spain 

Switzerland 
Turkey 

Unitecl Kfngdpm 
West Germany 

Bj^icrn Europe 
Bulgaria 
Czechosjovakia 
East Germany ^ 
Hungary 
I\)larid/ 
Romania 
Yugoslavia 

Niyrthern Enrope 
Denmark 
Finland 
Norvvay 
Sweden 



(tlinus.ui'-i riiOlrit." ioUs) 
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Nutf: rht' cikuKitoJ ilepositiun tii;ua's tor winkT montiis and m.iy wirv in otlu-r 
stMson.o,. iX'nsitv ti.miros ^kc j.;i\on t*' .ilU'>\v hotUT Lioposiiuui aMiip.irihon.s siiu o cufin- 
irifs v.uv ^rtMtly in si/e. Oin iotislv loadings in.iy \.jrv L-dhsiLiLT.iL-«Iv, within a given 
country. 

Sources: i'lmissions tigiiri»s .uiapteLi troni N.M. Highton .iiul M.|. C ii.uiu ic^,, "I'Ik' 
I'tiects ot Cli.ingini; ['.it t orris ut Iiriergy UsLM)ri-Sulftir ii in issioiis Aud Doposi- 
■ Uofis rfi i:iirL)ptv" Attihuh Vol. II, No..(h, I^^H2. Dopositit>n liglirt's .iriihcaU'iU.i- 
tiuns Kisi'lI on dWU\ in Kn\'irorirm'(it'al Resources hiinitCLi, Aciil Kiwr A Kcvictr 
0} the i'/ffV/t'?£:t'Mi>// it \ Hh' L/JC luul }Jiroi>L' {I.uhUon; CJrali.im iX: Trolhiah 1. 1 hi! ted. 



Austna^ arid Scnhciihavia. Their coopcraticin is thus esst?htial to reduc- 
ing polfution levels over the continent as a whole. ' 



So far it appears that unless a nation is obviously victimized by acid 
deposition and air pollutants, it will not willingly support, strong 
cooperative control efforts. Until recently, the United Rit^doni and 
West Germany were strongly allied iri discouraging the ECE and the 
Eu ro pea n Ecu n c) mi c Co m m u n i ty fro m i n i tiati n^ s tri ct co n t ro Is . Ye t 
damage to West Germany's forests brought abxint a. dramatic and , 
u n ex pec ted re ve rsa K b f t h at n ati o n 's posi tio h . 1 n June 1 983/ Qi e m be rs 
of the ECE rnet in Geneva to discuss the transj^o^rfary poHutioii 
p rob 1 e rn . Fo r the _f i rs t time, Wcs t G e riria n y bi-tSKtrj ra n k s w 1 1 h o t h e r 
European Community members by supporting a Scandinavian pro- 
pbsa I ca 1 1 i n^ _f o r each EC E rrie m ber to red uct? s u If ti r d i b x id t? e m i s's 1 o tl s 
By 30 percent by t993. joining West Germany in supporting the 
ropbsal {pui tbrth by Sweden, Finland, and Norway) were 
-vvitzerlano, Austria, Canada, Denmark, and the Netherlands — all 
fiat ions witlt^rovvihg concern about acid rain and poLllution damage. 
Dissent from - the United States, France, the United Kingdom, the 
Soviet Union, and the nations of Eastern Europe prevented-;the pro- 
posal from being adopted at the meeting, Instead, Uie Cgmniiss^ 
issued a noncomniital statement to reduce emissions where feasible: 
The Urrited States- stCHKi alone. in refusitig to sjgn eve 
document:"^ Although pressured at hornc and from neighboring Can- 
? <^ ^1 tb ta ke_ s t e p s t b cb r n bat a c i d ra i n da m a g e , the Reaga n a d rri i n i s t ra - 
Hon maintains that action -is unwarranted until the problem is better 
uhderstbc^d. 
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The Eurcipenn ta^noniic -Qnnmcmity provides another fornm for 
m Li 1 1 i I tit e r a 1 a v;ree m c ii t . Po 1 i cj e s rece l_v i ji^ u nan i rri o ii s s ii pp r t f rci hi a 1 1 
ten member c'oant,ries becom*/ binding; The EEC has in fact estab- 
i ^ ! i ^ bed Co h^ m u h i I y - v\' i d e a ni b i c n t s u 1 fur d [ox i d e s t a h ci a r d s — a d h1 i t - 
40 tedlv \:erv lenient— with which its members must comply.-" In early 
I ^'l^^/ [ h c E EC s p( 1 1i cy m a Ri h g a r rh , t h e E u r o pea h C b rh rri i s s i u h , d e v el- 
oped a propo'^ai calling for substantial emissiori redLictions from large 
existihg bt^vver plants. The propoSi-.l requires that by 1995, total annual 
emissiofis ot sulfur dioxide from these sources be reduced by 60 
perceht over 1980 levels; nitrogen cixides would have to be cut by 4() 
percent. Though a worthy efforl, the proposal is ianlikely tti receive 
the Uhahirhous agreenlertt of all ten members, which it needs to 
become Communitv policy. The Uniteci Kingdom,, Italy, Erancc^ and 
Greece have so far balked at setting emissic>ii limit.s at the Community 
' Ic* \ e 1 . U n 1 es s p o 1 i t ica 1 D re s s u re ca uses t hes e na t i on s t o a dj ij s t J h cm r 
positions, a stringent EEC ctirective seems unlikely to emerge in the 
near term. 

C t rm i n g t c V gr i p s w i I h t h e t r a n s b ci u ii d a r y n a t u re c) f lei h g- d i s t a h ce 
p()llutant transport will require a strengthening of existing instiUi- 
t i on s a n d very H k c^I y t ii e c re a t i o n o f hew on e s . With the p c ) s t- ' b 1 e 
exception of tlie European Economic Community, multilateral organ- 
izations are uhlikely to take <"!ctioh within the next several years. The 
best prospect for cooperation appears to be for nations to pursue 
bilateral and multilater. l treaties among th 'mselves: A commitment 
b V e \ en Fi ve of t h e 1 a rge r E uro pea n co u n t r i e s t o rei] u i re ca ta ly I 
converters in autrirh.il'iles .vould likely lead the rest o_' the continent 
to follow suit. Czechoslovakia and thc\ West Gerrnah stat^^^ Bav>^Ti * 
havL- agreed to confer on ways of protecting their diminishing forests, 
a n important s t e p \ _( > vva r d b i ! at e r a 1 Ea s t - VV e s t > c ^ o p e r aj i c) h . ' " The 
Unitea States and Canada would greatly boos* the momentum for 
cooperative action^ bv^agreemg, as has proposed, to each cut 

their sulfur dioxicie omissions in half. 

National leaders r uelv m.iUe great political gains by attacking the 
problems of th^' ri geivratioh of the coUrafy . ^ext door. The lure of 
short-Lerrr. econor. ic benefits too often precludes measures geared 
toward sustaining hi .Ui T systems over the long term; Moreover, 
so m fc» n a t i cni s < I re u n \ V 1 1 1 1 II g t( ) ac : VV i t h o ut i i re f ii Ub k? scieh ti fit^" p robf " 
of acid rain and air pollution's damaging effects — pro(if that may 
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"Forest destruction is but an addition 
to a litany of cbriseqU^ rooted 
in the combustion of fossil fuels 
in power plants, factories, and aUtbinbbiles/' 



require decades of additional research. Only as ppllutioh of the conv 
rrion dir space claims more victams wili more nations recognize the 
severity of the threat that lies before them and takL^actib_n, ^_t at some 
point, when the consequences become irreversible, this iate-course 
correction strategy will fail. 



Looking Beyond the Forest 

The emerging threat to Ihe world's forests clearly raises the potential 
econ o m i c and ecg 1 ogica 1 cj.) n s eq ij e n ce s of acid rcl i ri arid a i r p ql 1 u t i o ri . 
Yet decisions to take action need not — indeed should not — rest upon 
lyhat is Kap4?eriiri^ in the forests alone. Forest destrUctiori is but an 
addition to a iitany of consequences rooted in the combustion of fossil 
fuels iri power plants, facto ries^ arid automobiles. _ 

Ozbrie levels iri mariy agricultural regions are now high enough to 
damage valuable crops. In the United States, ozone is lowering the 
productivity of corri, wheat, soybeans, and peanuts, with losses val- 
ued at $1.9-4.5 billion each year.^' Vast areas of fetiLe farmland^ 
regularly receive rain that is highly acidic: Aithongh acid rain has 
various effects oh crops, soybeans and corn have show 
when grown under tne acidic conditions now typical in the eastern 
United States.^_\ Lakes an^ stxeams cbntyiUe to acidify riortherri 
Europe ^nd eastern North America, killing fish and plant life. Acid 
rain and gaseous sulfur arid^ are kriowri to damage a 

host of everyjday materials including paint, paper, textiles, and build- 
ing s^QH^.-.^ori^^^^^ copper arid lead plumbing pipes by acidic 
groundwater threatens to contaminate household tap water, AlurrTi- 
riUrri arid other heavy metals mobilized in acidifying soils and leached 
into underground drinking water also threaten hurnan health, Ljke 
damage to forests and soils, these effects are insidious and thus hard 
to measure, but the potential economic loss arid humari sufferirig they 
may cause is staggering.'^' 

Possibly the most serious iong-term consequence of fossil-fuel com- 
bustion is the buildup of carbon diox^^^ 

studies warn that within 6(3-80 years the carbon dioxide concentration' 
• will be twice existjrig levels. Because carbon dioxide allows sunlight to - 
pass through it but traps long-wave radiation from the earth, this 



higher conceniration is expected to cause a global temperature rise bh 
the order of 1.5°-4.5° C — an increase sufficient to raise sea levels, 
diminish water supplies, and alter rainfall patterns/- • 

Because acid rain, ozone, and the buildupi of airhon 
atrribsphere are problems with n common origin, ihey cdn also have 
commonfsolutions; Yet most existing and proposed strategies address 
isolated issues, rather than istrive for the integrated solutions that are' 
needed. Placing desulfurizihg scrubbers on smbkestacke^, fot exarn- 
pie, will reduce sulfur dioxide and thereby control acid rain. But this 
technology will do nothing tb help crops suffering from ozone, noth- 
ing to ensure that rain two decades from now will not be just as^acidic 
frorri nitrpgen bxides, and nothing tb slow the rate at which carbon 
dioxide is mcreasing in the' atmosphere. Technqlogical cbhjrols ^ fo^^ 
specific pollutants must be part of any plan to reduce emissions 
snbstantially in the immediate future. Yet tu_nds_ are limited, arid the 
time available for reversing these threatening trends crows ever 
shorter. These problems .bf common origin must be tackled sirriul- 
tariebusly arid at their core. 

Usirig eriergy more efficiently, recycling more paper and metals, and 
generating more power from .alterriative erierg sources are rarely 
considered in strategies to reduce air pollution or acid rain. Yet they 
are among the most effective arid least costly wa^s that exist: Sulfur 
and nitrogen oxide emissions were lower in 1980 than they^would 
have been u^ijhbut the irnpressive energy efficiency gains made dur- 
ing the seventies. Although two oil price hiMs At^lped^.y^r the^^^^^ 
energy savirigs, riatibris can achieve greater efficiency— and thus fur- 
ther reduce pollution — 1^ the coming decades. If the United Sta^^^^ 
for exarriple, set eriergy^^efficiency standards, for just four common 
appliances — water heaters, refrigeratbrs, arid rbbrri arid ceritral air 
coriditibriers— between 40,000-100,660 megawatts of electncity (equal 
to 40-100 large power plaritsj would be saved mnimih/ by the year 
2005, yearly savings that would continue into the next century. As- 
suming savings to be tjie midpoirit of this range, and that half (35^000 
rnegawatts) would come from coal-fired plants, roughly 95 million 
tons of coal would riot have tb be burnecl each year and 3-5 million 
tons-of sulfur dioxide would not be spewed into the atmosphere— a 
12-20 percerit reductibri iri currerit anntaal SO2 emissions: -Insta::.ng 
desulfurizing scrubbers on plants produjtring a total of 35,000 mega- 
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"Because acid rain, ozone, and 
the buildup of carbon dioxide in the atmosphere 
are problems with a common origin, 
they can also have cdmmdri sdlutidris/' 



1 1 s o f povve r wo ii 1 d cost $5-1 U b i \\\oh ; c u 1 1 i rig s u 1 f u r d fox i do by 
saving 33,006 megawatts tiirough efficiency standards would cost less 
than one percerit of this. Mtwover, emiss^^^^^^ oxides arid 

carbon dioxide would be reduced at no extra cost;*"^ 

Recycling common materials rather than discarding them attacks acid 
rain, ozone, and carbon dioxide buildup in two ways— directly, by 
reducing pollution at the production factory, and indirectiy, by reduc- 
ing energy demand and thus pollution emitted at the power plant: 
Each ton of copper produced by Canada's smelters generates an 
average of 2:7 tons of sulfur dioxide. Because one-third of Canada's 
198U copper supply carne from recycled scrap rather than sulfur-laden 
ore, one miilion fewer tons of sulfur dioxide entered Canada's atmo- 
sphere— equal to 21 pe riatibri's 1980 sulfur dioxide ernis- 
sions.^ In virtually all nations, recyciing has barely scratched the 
s u r f ace of i t s_p b|e ri t j_a \_. Wo rid w i d e_o ri 1 y a b o u t_o n e- f o ur t h_ of ,t he paper 
and less than one-third of the aiumlnum used is recycled: In contrast 
to cbpper prodUc^^^ these cbmrriori mat_eriajs 
contain little or no sulfur, but the benefits from recycling them are 
nonetheless dramatic: Each tori of paper made from waste paper 
rather than new wood reduces energy use by a third to haif and air 
pollutants by as much as 95 percerit. AlUiriiriUm produced from 
recycled cans rather than from virgin pre cuts emissions of nitrogen 
oxides by ^5 percent and sulfur dioxide by 99 percent."'^ 

Generating more power from the wind, photovoitaic solar ceils,^ and 
pther_ renewable energy sources is_ to vvhat sciieritisls stuc^^^ 

the carbon dioxide probiem have called a "CO^ benign" energy strat- 
^gy-"^- A<ddL^d tb iric^^^ A^ri^ejgy efficiency And _^c^jiri^, these al ter- 
native energy sources round out a strategy that is not only CO^ 
n ig / t) u t /acid ra i ri a rid gzb ri e be ri ig ri " as we 1 1 . Ta x po 1 j cies fa vb r i ri g 
these iess-polluting energy sources can compensate for the hidden 
erivirbriiTierital costs of coal bUrriirig arid thereby place other eriergy 
alternatives on equal footing. Yet in the near term, the most cost- 
effective ^iris will come from further squi»ezing the sponges of en- 
ercyefficien^yr-and recycling- Together they vvill riot only reducei;4 
p^3lution but offer a bridge to the mid-nineties when several renew- 
able e n e rgy s p u rce s will be ecb rip m i ca! ly _cb mpeti ti ve^ Co ri s e rya t[b ri , 
recyciing, and alternative energy sources also provide a myriad of 
other bcricfits besides cuttirig air pyllutibri. Cbliectively they greatly 
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alter the cost-benefit calculations that are inherent in decLSi_ons_about 
whether and how to protect, forests, lakes, and crops and to prevent 
carbon dioxide from warrning the planet. 

AA The biosphere is not infinitely resilient. What is haj^periihg in the 
industrial world's fields and forests are signs that fossil-fuel combus- 
tion has ecological limits, and that exceeding Jhem exacts a price. 
Unless energy and ehvirdrimental strategies begin to reflect this, 
today's threats are bound to become tomorrow's catastrbphes. Give^ 
the rapidity with which the . fores^ destruction has unfolded, the 
relevant question is no longer whethej proof of damage from an 
pollutants or acid rain is irrefutable, bat whether the^forests are 
sufficiently threatened to warrant action. Undoubtedly, German for- 
esters would answer with uH unequivocal yes. But::the real test is 
whether nations so far spared severe losses will muster the^ political 
will to take action to avoid them. By encouraging enejgy_effici_ency, 
recycline and the development of renewable energy sources, and by 
burning coal deanly and only when necessary. nAhons will Help 
protect their forests, crops, lakes, arid peopje for generations.^The 
cbrinections are real, andf so are the consequences of ignoring them. 
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